This paper is a summary of the reliability performance of HVDC systems in operation in Southern China during 2005 and 2011. This paper contains data on energy utilization, energy availability and unavailability, scheduled and forced outages and other data in accordance with the WG14.04 Protocol. It was envisaged that such information could be useful in the planning, design and construction of new HVDC projects. It was also envisaged that the operational performance information could be of benefit to those concerned with the operation and maintenance of existing HVDC schemes.
Introduction
Extra High Voltage (EHV) transmission Company of China Southern Power Grid (CSG) is responsible for the construction, operational and maintenance of HVDC scheme in Southern China region. An Operation department was setup by EHV Transmission Company to oversee the operation and maintenance of the HVDC projects.
In 1974, the international Council on Large Electric Systems (CIGRE) Study Committee 14 on "HVDC Links and AC Power Electronic Equipment" initiated the formation of the Working group 04 (commonly referred to as WG14.04) to conduct annual performance surveys of HVDC systems in operation throughout the world and to prepare a report to be presented at the biennial CIGRE Meeting in Paris. This working group later produced a reporting guideline entitled the WG14.04 Protocol for Reporting the Operational Performance of HVDC Transmission Systems [1] . This paper reported the performance of the HVDC schemes in Southern China using the aforementioned protocol.
HVDC Systems in Southern China
The Tianshengqiao-Guangdong HVDC power transmission system is the first commercial HVDC transmission project with large capacity in Southern China, the rated bipole capacity of which is 1800MW, and total length of transmission lines reaches 963km. The single-pole was put into operation at the end of December 2000, and the Tian-Guang DC bipole entered full operation in June 2001. The Tianshengqiao Converter Station is located at Tianshengqiao Town, Longlin Country in Guangxi Province. Covering an area of 11.6 hectares, the station serves as the power capacity exchange pivot and the collector station of four provinces of Yunnan, Guizhou, Guangxi, and Guangdong. The Guangzhou Converter Station is situated at Huangbangling Village which is 20km away from downtown Guangzhou. The station covers an area of 6.5 hectares.
The first Guizhou-Guangdong HVDC Project achieved single-pole operation on 31 May 2004 and bipole operation on 24 September 2004. Power is transmitted between the two HVDC converter stations at Anshun in Guizhou province and Zhaoqing in northwest Guangdong province over a 891km long direct current (DC) transmission line operating at ±500kV and 3000A. Anshun converter station is located at Gaopo Village covers an area of 18.676 hectares. The station is situated in the Yunnan-Guizhou Plateau with an elevation of 1420m, and it is the first converter station in the world with an elevation higher than 1000m. Zhaoqing converter station is located at 5km southeast of Liantang town with total land requisition of 21 hectares.
The second Guizhou-Guangdong HVDC Project achieved bipole operation on 3 January 2008. The power transmission distance between Xinren converter station in Guizhou province and Baoan converter station in Guangdong province is 1194km, and the transmission capacity reaching 3 million kWh. The Xinren Converter Station is located 9km to the south of Xinren Country, bordering on Guan-Xing Highway. It covers an area of 18.68 hectares with an elevation of 1350m. The Baoan Converter Station is located at Baihuadong Village, Shenzhen. The station is about 30km away from central Shenzhen, and covers an area of 18.94 hectares.
The Yunnan-Guangdong HVDC system is the first ±800kV DC Transmission Project in China, pole 2 was put into operation on 28 December 2009 and it realized bipole operation on 18 June 2010. Power is transmitted between the two HVDC converter stations at Chuxiong in Yunnan province and Suidong in Guangdong province over a 1375km long direct current (DC) transmission line with transmission capacity reaching 5 million kWh. Chuxiong Converter Station is located at Sanwan Village, 58km away from northwestern Kunming, covering an area of 34.3 hectares with an elevation of 1824 meters. The Suidong Converter Station is located at Fenghu Village, 16km away from the city center of Zengcheng. The station covers an area of 29.85 hectares. Table I shows the year of commissioning, the maximum continuous transmission capacity, energy availability, energy utilization and energy unavailability for the HVDC systems covered by this report.
HVDC Systems Reliability Performance
The overall reliability statistics for all the HVDC systems are given in TableⅡ-Ⅴ. Energy Availability is a measure of the amount of energy that could have been transmitted over the HVDC system, except as limited by forced and scheduled outages of converter station equipment and dc transmission lines or cables. Energy Utilization is a measure of the amount of energy actually transmitted. Both parameters are expressed as a percentage based on the maximum continuous capacity of the HVDC system [2] [3] . It can be seen in Table I that some systems operate at low energy utilization in particular years, while other systems operate at a very high level of energy utilization approaching maximum rated capacity. According to practices, the top factors affecting Energy Utilization are energy contracts and ac system constraints.
Forced Energy Unavailability (FEU) is the amount of energy that could not have been transmitted over the dc system due to forced outages. Only converter station equipment outages are considered, i.e. transmission line and cable outages are excluded.
Scheduled Energy Unavailability (SEU) is the amount of energy that could not have been transmitted over the dc system due to scheduled outages. Scheduled outages have less impact on the performance of the power system than forced outages since planned outages can usually be taken during periods of reduced system load or when some reduction in transmission capacity can be accepted. All HVDC systems in Southern China have annual maintenance outages, which is the main factor affecting SEU. Table Ⅵ will be useful to planning engineers involved with reliability studies of HVDC systems. It can be seen from the Table that 
Conclusion
This paper collects continuous data on the reliability performance of all the four HVDC systems in Southern China since they first went into operation. It is anticipated that the reliability of the system will be further increased with various remedial measures already adopted by EHV. These HVDC links will play an important role in the stability of the Power Grid in Southern China.
